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INTRODUCTION 
1, INTRODUCTION 
The nematodes, organisms resembling roundworms, are 
natural tovaa of s o i l and water. They are small multicel lular 
Invertibrate animals with simple body organization. On the 
basis of the ir feeding habits the nematodes f a l l under following 
groups* 
1. plant feeders or phytophagous nematodes which feed on 
l iv ing plants, 
2 . Microbial feeders or microbivorous nematodes feeding on 
bacterial and small a lga l c e l l s , 
3* Miscellaneous feeders and 
4* Predators feeding on protozoa, nematodes, e t c . 
Nematodes belonging to the f i r s t groiqp are known as plant 
parasi t ic nematodes which cause diseases of plants and lead to 
losses in economically important p lants . 
Plant-parasit ic nematodes az<e considered as one of the 
most damaging groi:9S of nematodes and their disastrous nature 
regarding the crop productivity has been well established. On 
a worldwide bas i s , the ten most important genera Gf plant-
parasit ic nematodes have been reported, e . g . , Meloidogyne 
Pratylenchus. Heterodera, yPitylenchus, Qlobodera, Tylenchulus. 
Xiphinema. Radopholus, RotyXenchulus and Helicotylenchus. Biis 
order of importance of the various genera i s fa ir ly representa-
t ive for most regions of world. In Europe, however, Heterodera 
Qlobodera, Meloidogyne, Ditylenchus. Pratylenchus. Aphe lencholdes, 
Xlphlnema, Trichodorus, Longldomos and T/lenchulus have been 
estimated to be most damaging t o p l a n t s . 
On the bas is of severa l reports a v a i l a b l e , i t i s now well 
known t h a t , p l a n t - p a r a s i t i c nematodes cause enormous losses to 
crop p lan t s a l l over the world, Stapel {1953) estimated an 
annual loss of 5 mi l l ion Kroners caused due to cerea l cy s t 
nematode Heterodera avenae in Denmark. United Sta tes Depart-
ment of Agriculture (USDA) estimated an annual crop loss of 
372,335000 do l l a r s t o 16 crops (Taylor, 1967), Hutchinson e t a l . 
(1961) estimated a loss of $ 250 mil l ion due to nematodes. The 
socie ty of Nematologists (SON) Committee on crop loss led by 
Faldmesser estimated anntial losses in U*S.A. i n the fann value 
of the order of ^ 1,038,374,300 in f ie ld crops, 225,145900 in 
f r u i t and nut crops, ^ 266,989,100 in vegetable crops and 
$ 59,817,634 on ornamental crops due to nematodes (Anon, 1971). 
According to Sasser (1979) general est imates of losses of 
vegetables caused by iroot-knot nematodes in d i f f e ren t regions 
of the world vary from 11 t o 259^. Sasser & Freckman (1987) 
have indicated an annual crop loss due to p l a n t - p a r a s i t i c 
nematodes on world wide bas i s t o the tune of $ 100 b i l l i o n . 
More recent ly a s imi la r committee of SON led by McSorley has 
a l so reviewed the information on crop losses caused by nematodes 
and has given the grim p i c tu re of a g r i c u l t u r a l economy (Anon, 
1987). Overall average annual y ie ld loss of the world* s major 
cixjps due to damage by p l a n t - p a r a s i t i c nematodes i s 12.3?6. I t 
has been summarized in Table 1. 
Table 1. Summary of estimated annual y ie ld losses due t o 
damage by p l a n t - p a r a s i t i c nematodes - Ubrld bas i s* 
L i f e -
sus ta in ing 
crops* 
Banana 
Barley 
Cassava 
Chickpea 
Coconut 
Com 
Fieldbean 
M i l l e t 
oat 
peanut 
Pigeorqjea 
Potato 
Rice 
I^e 
Sorghum 
Soybean 
Surgarbeet 
Sugarcane 
Sweet potato 
Wheat 
Average 
Lass (,%) 
19 .7 
6 .3 
8 . 4 
13 .7 
17.1 
10.2 
10.9 
11.8 
A.2 
12.0 
13.2 
12.2 
10.0 
3 . 3 
6 .9 
10.6 
10.9 
15.3 
10.2 
7.0 
10.796 
Overal l average 
Economically 
important 
crops 
Cacao 
Citrus 
Coffee 
Cotton 
CbvFpea 
Eggplant 
Forages 
Grape 
Guava 
Melons 
Misc. o ther l 
Okra 
ornamentals 
papaya 
Pepper 
Pine-apple 
Tfea 
Tobacco 
Tomato 
Yam 
Average 
12.3?6 
Loss i%) 
10.5 
14.2 
15.0 
10.7 
15.1 
16.9 
8 .2 
12.5 
10.8 
13.8 
17.3 
20 .4 
11.1 
15.1 
12.2 
14.9 
8 . 2 
14.7 
20.6 
17.7 
14.0^ 
Source: Sasser & Freckman (1987) 
+ 
+ 
Information based on worldwide survey of nematologists . 
Crops tha t stand between man and s t a rva t ion , according to 
Dr. S.H. Wittwer of Michigan Sta te Univers i ty . 
Additional miscellaneous crops of economic importance, 
espec ia l ly for food or e ^ o r t . 
In India a l so , sevei^al attempts have been made to est imate 
crop losses dvje to nematodes. Van-Berkum & Seshadri (197D) 
estimated annual losses of few crops . According to them, 
Heterodera avenae caused ^ 8 mi l l ion loss to wheat and bar ley 
cjTops in Rajasthan province a lone , Angioina t r i t l c i $ 10 mi l l ion 
to wheat crop and Pratylenchus coffeae $ 3 mil l ion to coffee . 
However, most of the other repor t s are confined to crop losses 
caused by root -knot nematodes, Meloidogyne spp« which i s the 
most cosmopoliton groi^ of p l a n t - p a r a s i t i c nematodes and in fec t 
most p l an t s t h a t account for the majority of the world* s food 
si5>ply. I t i s genera l ly believed tha t the above f igures only 
p a r t i a l l y h igh l igh t the nematode problem as information f o r 
the majority of the developing countr ies i s largely not 
a v a i l a b l e . 
On the bas i s of f igures given above, now i t i s c l e a r 
t h a t p l a n t - p a r a s i t i c nematodes are one of the most Important 
l imi t ing fac tors effect ing crop pi^oduction, so, i t becomes 
Imperative t o evolve and p rac t i ce su i t ab le control s t r a t e g y . 
Much work has been car r ied out on various control methods which 
f a l l in five d i f f e r en t ca tegor ies , v i z . , phys ica l , chemical, 
c u l t u r a l , b io log i ca l and regula tory with each having t h e i r 
merits and demer i t s . 
Physical method of nematode cont ro l includes steam 
s t e r i l i z a t i o n of s o i l , hot-water t reatment of diseased p lant ing 
mate r ia l s , e t c . This kind of nematode cont ro l os p r a c t i c a l l y 
not feasible a t l a i^e scale i n f e s t a t i o n . In case of chemical 
s t ra tegy , indiscr iminate use of nematicides has proved much 
d isas t rous not only t o the environment but a l so to the heal th 
and much the worse, i n e l iminat ing na tu ra l enemies of p l a n t -
pathogens and p e s t s . Moreover, Indian farmers are mostly 
i l l i t r a t e and bel ieve in t r a d i t i o n a l a g r i c u l t u r e , hence do not 
readi ly accept the use of nematicidal chemicals to combat with 
nematode problems of crop p l a n t s , though i t i s a fact t h a t 
nematicides ara sure and i n s t a n t measures of nematode control* 
The major l im i t a t i ons of the use of the nematicidal chemicals 
are tha t they a re general ly cost ly and a r e not eas i ly avai lable 
besides having inhe r ren t d i f f i c u l t i e s in t h e i r handling. There-
fore, t h e i r use p a r t i c u l a r l y in Indian condit ions seems to be 
not very p r a c t i c a l . With the regulatory method we can tackle 
only speci f ic problems. Nematodes can a l so be controlled t o a 
great extent by c u l t u r a l p r ac t i ce s but some of them cause 
monetary losses t o giXDwers. In case of b io log i ca l conti^Dl 
s t r a t e g i e s la rge number of mater ia l s have been tes ted , among 
which some have been proved t o be of grea t promise. TSae p resent 
inves t iga t ion i s an attempt t o fur ther explore these aspects 
in order to get p r a c t i c a l and economic means of nematode cont ro l 
su i t ab le for Indian condi t ions . 
The term " b io log ica l control*' i s the c l a s s i c a l sense 
i s defined by De Bach as •* the ac t ion of p a r a s i t e s , predators 
or pathogens in maintaining another organism* s population 
density a t a lower average than would occur in t h e i r absence". 
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Sewell (1965) defined b io log ica l cont ro l as •• the induced or 
na tu ra l d i r e c t or i n d i r e c t , l imi ta t ion of harmful organism or 
i t s e f fec ts by another organism o r groi?) of organisms". The 
de f in i t i on given by Garret (1965) i s most accpted. According 
to him, b io log i ca l con t ro l i s defined as " any condit ion or 
p rac t i ce whereby surv iva l o r a c t i v i t y of pathogen i s reduced 
through the agency of any other l iv ing oi^anism except man 
himself with the r e s u l t t ha t there i s reduct ion in incidence of 
disease caused by the pathogen". 
Lohde (1874) suggested for the f i r s t time about t he 
p o s s i b i l i t y of b iocont ro l of nematodes. Within a span of 80 
years or so, a f t e r Lohde' s (1874) work, many ea r ly s c i e n t i s t s 
given many moz^ repor t s about the p o s s i b i l i t y of biocontrol of 
nematodes (Kuhn, 1877; Zopf, 1888; Cobb, 1920; Thome, 1927; 
Linford, 1937; Ltnford & o l i v e i r a , 1938; Dollfus, 1946; Duddington 
e t a l . , 1956; Duddington, 1957; Lowenbei^ £ i £i*» ''959) but 
organised and de ta i l ed s tud ies on t h i s subject commenced in the 
I960' 3 only. 
There are numerous microorganisms involved in b io log ica l 
cont ro l of nematodes. They f a l l in two groups - predators and 
p a r a s i t e s . The predators feed by kll l i jag and consuming t h e i r 
prey while the p a r a s i t e s l iv ing in or on a host are physiologi-
ca l ly dependent on i t for food. Trapping fungi, nematodes, 
t u r b e l l a r i a n s , enchytraeids , mites , collembolans, ta rd igrades 
and protozoans have been recognized as preda tors , while endozoic 
and oppor tunis t ic fxmgx, b ac t e r i a , protozoans, v i ruses and 
r i c k e t t s i a e have been reported as pa r a s i t e s of nematodes. 
Several enemy p l a n t s have a l s o been reported as enemy of p l an t -
p a r a s i t i c nematodes. Micix)bial decomposition products and 
metabol i tes which are exudates of animals and p lan t s a l so play 
an important i^jle aga ins t p l a n t - p a r « s i t i c nematodes. 
PROKARYOTES AS PARASITSS OF NBMAIODSS 
Viruses and Ricket ts iae : 
Relat ively l i t t l e i s known about the v i r a l d iseases of 
nematodes. The f i r s t repor t of a v i rus disease was given by 
Loewenberg e t a l . (1959), who observed sluggishness in Meloidogyne 
Incognita l a rvae . Recently, a phenomenon of swarming (aggregation 
of large number of ind iv idua ls in aqueous so lu t ions) of plants-
p a r a s i t i c nematodes in masses i s reported in 13 spec ies . Ibrahia 
& Hol l i s (1973) noted a diseased condition in the c u t i c l e of 
swarming Tylenchoiiiynchus mar t in i which was l a t e r found to be 
due to a v i rus (Ibrahim e t a l . , 1973)• Keeping these repor t s 
in mind, i t seems l o g i c a l t h a t v i ruses a l so in fec t and k i l l 
the nematodes. But our knowledge on t h i s subject i s l imi ted , 
p a r t l y due to our imperfect methods of nematode recovery, which 
r a re ly allow the i s o l a t i o n of i nac t ive or v i rus - in fec ted nematodes. 
Ricket t isae are i n t e r c e l l u l a r , minute (1.84% x O.Ai^), 
s ingle ce l led , bacterium l i k e , rod shaped microorganisms. These 
microorganisms have been reported in Heterodera goe t t ing iana . 
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Globodera ros tochlens ls by Shepherd e t a l . (1973), V^lsh (1979) 
and Walsh e t a l , (1963a,b), and in H. glycines by Endo (1979). 
These microorganisms appear i d e n t i c a l . They appear to pass , 
from generat ion to generat ion, trans-ova r i a l l y and through sperm 
c e l l s (Walsh, 1979). Rumbos £ t a l . (1977) reported such 
microroganisms in Xiphinema index in assoc ia t ion with yellow 
disease of grapevines and suggested the role of X» index as a 
possible vec to r of these microorganisms. However, much e f fo r t 
i s needed t o determine the ro le of these microorganisms in the 
cont ro l of nematodes. 
Bacteria : 
Most of the repor ts of b a c t e r i a l d iseases of nematodes 
r e fe r to only observations of bac te r ia within the body cavi-ty, 
gut and gonads of individual nematodes. Mankau (1930a) observed 
the presence of a b a c t e r i a l symbiont in the ovaries of 
Trichodorus s p . , xiphinema americanmn and X* s i l va t i c im . Infec-
t i o n of X. amerlcanum juveni les by pseudomonas d i n i t r i f i c a n s 
was reported by Adams & Eichenmuller (1963). Ffew s tudies on 
the e f fec t s of ex te rna l ly at tached bac te r ia have a lso been 
carr ied ou t . A species of Myxobacterium i s reported t o lyse 
severa l species of b a c t e r i a l feeding nematodes in v i t r o 
(Katznelson e t a^l., 1964). Mankau & Das (1974) reported k i l l i n g 
of Meloidogyne larvae by rod-shaped b a c t e r i a . However, there 
i s no information about the role of these bac ter ia in cont ro l l ing 
p l a n t - p a r a s i t i c nematodes. 
One prokaryote, pas teur ia penetrans has been a subject 
of in tens ive study in recen t t imes, which was f i r s t reported as 
sporozoan, Duboseguia penetrans by Thome ( 1 9 ^ ) , then renamed 
as Bacil lus penetrans by Mankau (1975). Sayre & S t a r r (1985) 
l a t e r placed i t in the genus paste uria and suggested the correc t 
i d e n t i t y of t h i s organism as paste uria penet rans . Paste ur ia 
penetrans i s a speci f ic ob l iga te p a r a s i t e of nematodes and has 
shown grea t promise as a p o t e n t i a l b iocontrol agent . The 
organism appears to be pe r f ec t l y synchronized with the root -
knot nematodes development and physiology (Mankau, 1981). I t s 
a b i l i t y to a t tack important nematode pes t s of severa l crops, to 
p e r s i s t i n s o i l for long per iods of time, to r e s i s t des ica t ion 
and temperature extremes, as well as i t s compat ibi l i ty with 
severa l nematicides, a re i d e a l c h a r a c t e r i s t i c s for i t s condidacy 
as a successful b iocontrol agen t . However, the obl igate nature 
of the oi^anism i s i t s biggest drawback. The commercial mass 
production of t h i s organism i s needed which i s now poss ible by 
recen t genet ic engeening and t i s sue cul ture researches . 
FUNGI AS NEMATODE ANTAGONISTS 
Fungi tha t are an tagon i s t i c to nematodes play a g rea t 
xx>le in keeping s o i l populat ions of nematodes under c o n t r o l . 
Considering the long coevolution of nematodes and fxingi, which 
obviously occurred In the close confines of the s o i l hab i t a t 
i t i s not surpr is ing t h a t a g r e a t va r i e ty of i n t e r r e l a t i onsh ip s 
have developed between the two groups. Fungi possesing the 
10 
capaci ty t o destroy o r de le t e r ious ly a f fec t nematodes vary 
considerably in both t h e i r biology and taxonomic r e l a t i o n s h i p s . 
Ihey range from obl iga te , endoparas i t ic forms, many of which 
a re zoosporic, to predacious t r ap forming species and opportu-
n i s t i c fungi t h a t colonize reproductive s t r uc tu r e s , such as 
cys ts and eggs. 
I . Predaceoua FUngi; 
A Geiman s c i e n t s t Wilhelm Friederich Zopf (1888) f i r s t 
noted the exis tance of fungi t ha t t rap and prey on nematodes. 
Since t h i s f i r s t inception of a nematode trapping fungi more 
tiian 100 species of such fungi have been repor ted . The 
nematode trapping hab i t i s found i n severa l genera of Hyphomycetes. 
Some species can be found a l so in the Zoopagales, the cu l tu r ing 
of which i s r a t he r d i f f i c u l t . 
The p r ^ a c e o u s fungi have undergone remarkable adapta t ions 
and spec i a l i z a t i on with respect to prey catching devices such 
as s t icky t r aps and mechanical t r a p s . Ihe trapping devices 
involved in these t raps have been groined as follows: 
1, Adhesive networks; 
These a re more common than any other trapping dev ice . 
A l a t e r a l branch from the mycelium cur l s round and jo ins with 
the parent hypha forming a loop. Other s imi l a r loops are formed 
nearby or on the f i r s t one which may anastomise with each o the r 
or with the parent hypha, thus forming a network three dimensionall> 
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The hyphal loops are s t icky and the wandering nematodes, which 
come in contact with these loops, are held f a s t by the adhesive 
f luid secreted by the c e l l s of the loops . After the nematode 
has been captured, i t s t ruggles to get free but a f t e r a shor t 
period about 2 hours ; the movement cease . Soon a f t e r , the 
nematode's integument i s p ierced by a very fine outgrowth from 
the loop* Once ins ide the nematode body, i t swells up to fonn 
a bulbous s t r uc tu r e in fec t ion bulb and from t h i s trophic 
hyphae develop which absorb the body contents and f i l l iflp the 
e n t i r e body. The contents of the trophic hypha are ul t imately 
reabsorbed by the parent hypha e ,g , Arthrobotrys ol igospora. 
2» Adhesive branches : 
The mycelium forms simple loops. These loops are s t icky 
and captui:e the nematodes in s imi la r fashion as in the above 
case, e . g . , Dactyle l la cionopaga, 
3» Aihealve knobs ; 
These a r e subspherical and stalked consis t ing of two 
c e l l s . The capture mechanism i s same as above, e .g . , Dactylel la 
e l l ipsoapora . 
4 . Non-constricting r i nga ; 
In t h i s case, a branch of the mycelium cur l s round igpon 
i t s e l f and forms a three ce l led r ing , at tached t o the parent 
hypha by a s lender s t a l k , a l so usually of 3 - c e l l s . I f a 
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nematode, during i t s movement, th rus t s i t s head ins ide the 
r ing , i t gets wedged in i t s e f fo r t s to force i t s way through 
and i s securely held in the p rocess . There i s no s t icky 
secre t ion and the nematode i s held purely by f r i c t i o n . After 
captxiT^, hyphae grow out of the r ing c e l l s in to the nematode 
body and absorb i t s contents , e . g . , Dactylaria Candida. 
5» Constr ict ing r ings : 
These are the modification of the non-const r ic t ing r i n g s . 
Ihe formation of the r ings i s s imi la r as above except t h a t the 
s t a l k , general ly two ce l led i s s tou te r than the nonconstr iet ing 
one. With nematode enter ing the r ing , the ring c e l l s become 
st imulated by f r i c t i o n and a f t e r a few seconds, they i n f l a t e 
t o above three times the former volume, the i n f l a t i o n being 
mainly on the inward s i d e . With the narrowing down of the 
opening, the nematode i s held fas t followed by invasion of the 
tiTophic hypha, e . g . , Dactyle l la bembicodes. 
Generally the fungi with adhesive networks are good 
saprophytes and grow rap id ly , while those having adhesive knobs, 
adhesive branches o r cons t r i c t ing r ings are more predaceous to 
nematodes and grow slowly. OSie i n t e r ac t i on between nematode-
trapping fungi and nematodes i s complex. Act ivi ty of these 
fungi may be influenced by s o i l conditions such as pH, moisture, 
temperature and the a v a i l a b i l i t y of nu t r i en t s (Johnson, 1962; 
Mankau, 1968). Most of these fungi have been shown t o be poor 
competitive saprophytes and are sucept ible to antagonisms trcta 
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o ther s o i l fungi (Cooke, l96/»; Mankau, 1962). In general , 
l i t t l e o r on bene f i c i a l r e s u l t s are obtained by adding only 
predatory fungi t o the s o i l . However, i f such fungi are added 
with s ign i f i can t amounts of oi^ganic matter , benef ic ia l r e s u l t s 
may be obtained (Barron, 1977; Sayre, 1980). 
Despite the equivocal performance of predaceous fungi 
in applied b io log ica l con t ro l in the pas t , a few example of 
apparently successful r e s u l t s promote optimism toward t h e i r 
use, Cayrol et a l , (1978) successfully used commercial prepe-
ra t ion (Royal 300) of Arthrobotrys robusta Duddington ( an t ipo l i s ) 
for the cont ro l of Ditylenchus myceliophagus in Agaricus 
b isporus . Cayrol & Frankowski (1979) xised another i s o l a t e of 
Arthrobotrys (Royal 350) for the control of Meloidogyne species 
in tomato. Kerry (1978) found tha t almost a l l Heterodera avenae 
cysts \ifere pa r a s i t i z ed by na tu ra l ly occuring s o i l fungi 
including Vert ic iI l ium chlamydosporium and Nematophthora 
gynophila which control led the population of nematodes in the 
Br i t i sh s o i l s , 
I I . Sndoparasi t ic Fungi j 
Sndoparasi t ic fungi a t t ack various developmental s tages 
of nematodes. These fungi most commonly invade the nematode 
hos t by adhesive spores t ha t f i r s t a t tack to the nematode 
cu t i c l e o r by spores t h a t are ingested by the nematode and 
lodged in the al imentary cana l . Spores of these fungi are very 
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small and contain too l i t t l e reserve food. Hence they remain 
dormant in the s o i l u n t i l ac t ive nematode make con tac t . 
Harposporium angui l lu lae was the f i r s t endoparas i t lc 
fungus observed by Lohde in 1874. Since th i s f i r s t observation 
more than 30 species of endoparas i t lc fungi have been described 
as y e t but only few species have been considered as ser ious 
b iocont ro l agen ts . Among Hyphomycetes, which can be grown in 
cu l tu re , the most frequently encountered genera are Aerostalagmus, 
Harposporium and Meria; among zoosporic forms, which are l e s s 
easy, i f not impossible, to grow axenica l ly , Catenaria. 
Myzocytium and Haptoglossa a re the most common. These organisms 
are unable to p a r a s i t i z e the s t y l e t forming phytonematodes 
because liie spores cannot be ingested (Cooke, 1968). Jansson 
e t a_l. (1985) showed tha t Meria coniospora i s capable of 
inducing a reduction of root-knot nematode ga l l i ng on tomatoes 
i s greenhouse pot t r i a l s . Hirsute11a rfaossi l iensis has been 
shown by Eayre £ t a l . (1987) to have some a b i l i t y to suppress 
Criconemella xe nop lax on peach seedlings in greenhouse experiments. 
Jaffee & Zehr (19B5) have shown t h a t t h i s fungus i s some what 
s ens i t i ve to fung i s t a s i s . Fungi Cateneria a u x i l a r i s was 
observed as pa ra s i t e of Heterodera schacht i i and Nematophthora 
gynophila on H. avenae and i t plays a ro le of regulat ing popula-
t i o n dynamics in some s o i l s (Kerry, 1977; 1980; Kerry e t a l . . 
1980; Crump e_t a l . , 1983). Kerry (l980) provided evidence t h a t 
N[. gynophila under na tu ra l condit ions reduces population of 
H. avenae to nondaraaging l e v e l s . 
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III. Opportunistic Fungi j 
The discovery of opportunistic fungi capable of colonizing 
nematode reproductive structures and deleteriously affecting 
them, has been very recent* Nematodes belonging to such genera 
as Globodera, Heterodera and Meloidogyne, at sedentary stages 
of their life cycles, are vulnerable to attack by fungi either 
within host plant roots or when exposed on the root surface or 
within soil. When Globodera and Heterodera, as obese females, 
break in and through the root coirtex and mature into cysts, 
they become increasingly susceptible to fungal colonization, 
as do emerging egg masses of Meloidogyne. The most frequently 
found fungi belong to genera Cy-lindir?carpon, Sxophiala, 
Fusariun, Gliocladium, Paecilomyces. Phoma and Verticilliua. 
These fungi can survive host free periods and can be grown 
axenically. 
Fungi that parasitize eggs prefer eggs of heteroderid 
nematodes and those which deposit them in gelatinous matrix. 
The oviposition nature (both in the cyst and the egg masses) 
of these nematodes makes them most vulnerable to the attack by 
these fungi. In some cases there is enzymatic disniption of 
nematode structural elements such as egg shells and larval 
cuticle or physiological disturbances due to biosynthesis of 
diffusable toxic metabolites. 
A fungal disease of eggs and larvae in Heterodera schachtii 
caused by lorula heteroderae (probably Phialophora molarum) was 
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reported by Korab (1929) and Rozypal (1934). Goffart (1932) 
reported Cylindrocar*pon rad ic lco la to be capable of embryo 
des t ruc t ion and prevention of hatching in Heterodera avenae. 
High incidence of cyst disease of H. avenae was repozrted by 
Rademacher & Schmidt (1933). Morgan-Jones e^ a l . (1986) found 
C, des t ruc tans as a dominant fungal species in the cysts of 
Globodera ros tochiens is associa ted with pota to in Peru. 
Lysek (1963) f i r s t noted the des t ruct ion of nematode 
eggs by Fusarium and Oephalosporium spec ies . In l a t e r study 
he found t h a t V. chlamydosporlumt V. bulbillosum. Mort iere l la 
nana, Paecilomyces l l l a c i n u s , Acremoniim bacillosporum and 
Helicoon farinosum were able to perforate egg she l l s and en t e r 
eggs of nematodes (Lysek, 1966). J a t a l a e t a^. (1979) reported 
P. l i l a c i n u s as an ef fec t ive pajrasite of M. incognita and 
Globodera pa l l i da eggs. The percentage of egg infec t ion i s 
d i r e c t l y cor re la ted with i t s period of e:<posure to the fungus 
( j a t a l a , 1985). Detailed work on P. l i l a c inus has been 
reviewed by J a t a l a (1986) and Alam (1990b). 
paecilomyces l i l a c i n u s has been the subject of many 
recent inves t iga t ions due to i t s good q u a l i t i e s . I t has been 
given many successful r e s u l t s in the Phil ippines and t h i s i s 
the major reason for i t s commercial production under the t rade 
name of " BIOCON* in t h a t country. 
Another important fungus i s Vert ici l l ium chlamydosporlum 
which p a r a s i t i z e females of Meloidogyne arenaria (Moigan^Jones 
e t a l . , 1961) and cysts of Heterodera glycines (Gintis e t a l , , l 9 B 3 ) . 
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This fungus reduces egg hatching of M. arenar ia (Morgan Jones 
e t a l . , 1963) with the help of i t s metabol i t es . 
Vesicular arbuscular mycorrhiza (VAM) are conunonly 
associated with p l a n t - p a r a s i t i c nematodes on or near the roo t 
rhizosphere. I tot i l r ecen t ly , mycorrhiza were believed e i t h e r 
to increase the p l a n t to lerance to nematode infect ion by 
affect ing the p l an t physiology to re ta rd nematode development, 
to cause changes in root exudates, which may a l t e r nematode 
a t t r a c t i o n , or to cause s t r u c t u r a l modifications to impede 
nematode pene t ra t ion . Francl & Dropkin (l985) in an i n t e r e s t -
ing study however, have reported tha t Glomus fasiculatum can 
p a r a s i t i z e to some extent the eggs of Heterodera 'glycines 
and reduce population of the nematode females, 
PRSDACIOUS ORGANISMS 
Nematodes; 
I n i t i a l l y , i t was considered tha t predaceous nematodes 
mainly belong to group Mononchida, But a t the l a t t e r stage 
many genera of the nematodes in Dorylaimida and Diplogasterida 
were a l so found predaceous on various p l a n t - p a r a s i t i c nematodes 
and t h e i r eggs. Seinura s p . belongs to Aphelenchoidea has been 
described as obl igate p reda to r . The use of predaceous nematodes 
as a b iocontrol agent was postula ted by Cobb (1920). Since 
then many workers have made t h e i r e f fo r t s i n t h i s f i e l d . 
Although a ce r t a in amount of spec i f i c i t y may be found i n some 
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genera, predaceous nematodes i n general obtain t h e i r food from 
preying on nematodes, fhngi, algae and other s o i l microfauna. 
Not much information i s ava i l ab l e about the ecology of predaceous 
nematodes, the mechanism of host finding by these nematodes and 
how predaceous nematodes a f f e c t na tu ra l population of o the r 
nematodes. No any information about the chemical a t t r a c t i o n 
between the prey and host i s a v a i l a b l e . However, there i s a 
need to carry out experiments under conditions c loser t o the 
na tu ra l environment to ge t much information as well as to solve 
the queries about t h i s a t t r a c t i v e and unexplored f ie ld of 
b io log ica l con t ro l . 
Tardigrades, Turbel la r ians , Collembola, Mites, Enchytraeds aa i 
Protozoa : 
These a re an i n t r i c a t e group of organisms tha t a re found 
in many a g r i c u l t u r a l s o i l s with ac t ive mobi l i ty . The ro l e of 
these organisms in con t ro l l ing p l a n t - p a r a s i t i c nematodes la 
s t i l l a subject of ques t . However, there i s some repor ts 
ava i l ab le which shows t h e i r predaceous na ture . 
Tardigrades are a l so known as • Water bears ' and usua l ly 
of phytophagous na ture . Sayre (1969) has reported predat ion 
of p l a n t p a r a s i t i c nematodes by a tard igrade , Hypsibius myrops. 
Several other inves t iga to r s have a l so reported predat ion of 
p l a n t - p a r a s i t i c nematodes by tardigrades (Hutchinson & Streu, 
1960; Doncaster & Hooper, 1961). 
Turbel lar ians are usua l ly known as carnivorous flatworms. 
The feeding of second stage Juveni les of Meloidogyne incognita 
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by a small rhabdocoel flatworm. Menoplea sp . was observed 
by Sayre & Powers (1966). 
Feeding of p l a n t - p a r a s i t i c nematodes by collembolans 
and mites have a lso been observed. The collembola Qnychiurus 
armatus were observed to per fora te the cys ts of Heterodera 
cruci ferae en te r them, and devour the nematodes within them 
(Murphy & Doncaster, 1957). Mites have been recorded feeding 
on Meloidogyne (Linford & Ol ive i ra , 1938) and Heterodera cys ts 
(Murphy & Doncaster, 1957). Inserra & Dfeivis (1963) observed 
a mite Hyoaspis a c u l e i f e r t o be predaceous on root-knot and 
cys t nematodes. 
Enchytraeids have been reported as poss ible antagonis ts 
of nematodes (jegan, 1920; Schaerffenberg & Tendl, 1951), but 
the role of these organisms i n ac tua l predat ion of p lan t 
nematodes i s s t i l l a mat ter of i nves t i ga t i on . 
Some predaceous amoeboid protozoans have been reported 
to a t tack p l a n t - p a r a s i t i c nematodes (Winslow & Williams, 1957; 
Doncaster & Hooper, 1961; Sayre, 1973). However, the extent 
to which these organisms can be e f f i c i en t i s not known. 
ORGANISMS PRODUCING METABOLITES TOXIC TO NEMATODES 
Mostly, the involvement of organisms as biocontrol 
agents i s d i r e c t l y as predators or p a r a s i t e s but there are 
a l so some repor ts that organisms are capable to harm p l a n t -
p a r a s i t i c nematodes biochemically through production of tox ic 
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metaboli tes or metaboli tes t h a t ac t as hatching s t imulan t s . 
Decomposition of organic residues by microorganisms can a l so 
cause re lease of tox ic compounds harmful t o nematodes. There 
a re severa l organisms, v i z . , bac te r i a , actinomycetes and 
fUngi which can produce metaboli tes s im i l a r to nematicides and 
considered as poss ib le b iocontrol agen ts . 
In add i t ion to inh ib i to ry e f f e c t s , metabolites of 
several fUngi have a l so been reported to serve as hatching 
st imulants of some nematodes. 
ANTAGONISTIC PLANTS 
As a r e s u l t of the continuous work of p a s t few decades, 
many p l an t species are how known which having the antagonis t ic 
e f fec ts on p l a n t - p a r a s i t i c nematodes. The species of 
Asparagus and Tagetes have shown good nematode control p o t e n t i a l . 
Beside these , there a r e o ther p lan t species too that are 
an tagonis t ic t o p l a n t - p a r a s i t i c nematodes v i z . . Brassica spp.», 
Eruca sa t iva e t c . More recent ly , the antagonism of Azadirachta 
indica (commonly known as neem) to nematodes have been noticed 
(Alam let a l . , 1977). Mostly, the roots of these plant species 
secre te substances toxic to nematodes. 
Some p l a n t species are a lso known to serve as t r a p crops . 
Some species of Crota lar ia have been reported as t rap crops 
which can be successful ly used to t rap larvae of root-knot 
nematodes. With some spec ies , the larvae penetra te the roots 
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but f a l l to develop any fur ther and in such cases , the crop 
does not have t o be destroyed and can serve as cover or green 
manure crop* 
Among various nematode antagonis ts more a t t en t i on has 
been given to fUngl though mostly through c l a s s i c a l Inves t iga-
t i o n s , Awareness about t h e i r u t i l i z a t i o n and explo i ta t ion as 
p r a c t i c a l b lo -con t ro l agents of problem nematode species, 
however, has been r a the r a recent I n t e r e s t of s c i e n t i s t s . 
Therefore, a de ta i l ed l i t e r a t u r e review on t h i s aspect has 
been given In the next chapter . 
REVIEW 
OF 
LITERATURE 
2. RSVIBW OF UTSRATURS 
Among various nematode antagonis ts -more a t t e n t i o n has 
been given to nematode destroying fUngi though mostly through 
c l a s s i c a l i nves t i ga t i ons . Awareness about t h e i r u t i l i z a t i o n 
and escploitation as p r a c t i c a l b iocontrol agents of problem 
nematode species , however, has been r a t h e r a recent i n t e r e s t 
of s c i e n t i s t s . 
There i s a long l i s t of fUngi t h a t are an tagonis t ic to 
nematodes. More than 200 such fungi have been reported by 
now. Olhese fUngi are wide spread in s o i l s and possessing the 
capaci ty to destroy or de l e t e r ious ly a f f ec t p l a n t - p a r a s i t i c 
nematodes. They vary considerably in both t h e i r biology and 
taxonomic re la t ionsh ips (Barron, 1977; Alam,1990a) and have 
been divided in to three c a t e g o r i e s : 
1. predaceous Hingi 
2 . Sndoparasi t ic fUngi 
3 . Opportunist ic Amgi 
PREDACEOUS RJNGI 
During the pas t severa l decades the major research 
emphasis on the u t i l i z a t i o n of b io log ica l e n t i t i e s for cont ro l 
of p l a n t - p a r a s i t i c nematodes has been focussed p r inc ipa l ly on 
the appl ica t ion of predaceous nematode-destroying Aingi. These 
fungi, general ly associated with free l iv ing nematodes, have 
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been studied ex tens ive ly . Paras i t i sm by these fUngi i s 
e s tab l i shed , and a number of attempts have been made to assess 
the i r p o t e n t i a l as b iocontrol agents of phytonematodes. xhQ 
act ion of these fungi i s passive and acc identa l and they k i l l 
only a l imited number of nematodes, ihe nematode must pass 
thixjugh trapping r ings or be captured by the st icky hyphal 
networks. Nematodes are then k i l l e d by the in t rus ion of 
globose s t r u c t u r e s . Apparantly, over 100 species of these fUngi 
t rap and prey on nematodes in a g r i c u l t u r a l s o i l s . 
Zopf (1888) f i r s t noted the exis tance of fungi t h a t 
t rap and prey on nematodes. Linfortl (1937) focussed h i s 
a t t en t i on on the appl ica t ion of nematode trapping fUngi to 
cont ro l nematodes. Linford et^ a^. (1938, 1939) t r i e d to con t ro l 
root-knot nematodes in pine apple with predaceous fungi. In 
f i r s t ins tance , they use five fungi (Arthrobotrys ol igospora-
two i s o l a t e s , A. musiformis, Dactylaria thaumasia, Dactyle l la 
s p . and Dactyle l la e l l ipsospora) but except for a small measure 
of con t ro l with D. e l l ipsospora , no e f fec t was recorded with 
the other Aingi. However, vh&a. they added chopped pine apple 
green tops to the s o i l , they recorded an increase in the popula-
t ion of the free l iv ing forms as well as the predaceous flingi 
and a s i g n i f i c a n t reduction in the root-knot nematode popula t ion. 
When cowpea was used as the t e s t i nd ica to r p lan t , the observations 
on the populat ion decline were confirmed as exhibited by reduced 
g a l l i n g . 
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Several species of genera Arthrobotrys alone and in 
combination with o ther fUngi have been found effect ive in 
reducing the p l a n t - p a r a s i t i c nematodes. Udalova (1971) t e s t ed 
two s t r a i n s of Arthrobotiys ol igospora, XIX and XIX4/27 against 
Meloidogyne incognita on cucumber in a glasshouse and obtained 
considerable reductions in nematode popula t ions . leuprecht 
(1968) observed the reduction of M. incognita populations for 
l imited period on the suscept ib le tomato cv. lucy rose in pot 
and greenhouse t e s t s witii t he appl ica t ion of Arthrobotrys 
dactyloides and A. o l igospora . The effect of Arthrobotrys 
oligospora and organic amendment (pigeon droppings) have a l so 
been evaluated in the greenhouse for con t ro l of Meloidogyne 
incognita on melons, p l an t growth was increased and root 
ga l l ing reduced by 72% and 72%'respectively (Ali , 1990). 
Nakasono & Gaspard (1991) evaluated the surv iva l of Meloidogyne 
incognita (J2) and free l iv ing nematodes (F1) in s o i l infested 
with the nematophagous fungi Arthrobotrys dactyloides ( c o n s t r i c t -
ing r ing) and Dactylel la haptotyla (s t icky knobs) under various 
cond i t ions . J2 surviva l was 8% of con t ro l when D. haptotyla 
was added to s o i l 2 days p r i o r to adding nematodes but i t was 
85% in A. dactyloides infested s o i l under the same condi t ions . 
J2 numbers declined rapidly in D. haptotyla infested s o i l with 
10% survival a f t e r 24 hours whereas J2 surv iva l in A. dactyloides 
s o i l was 50% a f t e r 6 days. F1 nematode surv iva l was affected 
in a s imi la r way by both i l ingi . Mankau (i960) observed the 
e f fec t of Arthrobotrys ar throbotryoides and Dactylaria thaumasia 
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on root-knot nematodes in p e t r i d i s h cul ture and outdoor 
microplots , Arthrobotrys ar throbotryoides and Dactylaria 
thaumasia were found very e f fec t ive in pe t r i d i sh c u l t u r e . Vftien 
these fungi were added to root-knot infested s o i l , with and 
without an organic amendment, t r e a t e d pots indicated some 
nematode con t ro l , with s l i g h t l y b e t t e r ccxitrol in the amended 
s o i l . However, outdoor microplots inoculated witti these two 
iUngi and receiving subtreatments of manure or straw amendments 
gave no s i g n i f i c a n t con t ro l . Walia & Swarup (1985) t e s t ed 
the ef fec ts of cul ture f i l t r a t e from Arthrobotrys ol igospora. 
Dactylaria brochopaga and CUrvularia pallescence on the 
hatching of M. incognita and l a t e r on main fungus a lso agains t 
H. zea. A. oligospora inh ib i t ed hatching of M. incognita a t 
a l l concentrat ions while D. brochopaga effected only a t 100 to 
80 per cent concent ra t ions . C. pal lescence effected H. zeae 
a t 100 to 80% concent ra t ions . Udalova e t a l . (1975) found 
reduction in the numbers of free l iv ing nematodes *rtien they 
applied Arthrobotrys oligospora preparat ions (2 doses of 450 or 
900 g/m ) to glasshouse s o i l in t he Moscow region, USSR, Maximal 
reductions of 74.3 and 49.396 were observed with l ive and 
autoclaved preparat ions r e spec t ive ly . Nansen et a l . (1986) 
tested the predacaous a c t i v i t y of Arthrobotrys oligospora on 
p r e p a r a s i t i c larvae of Cooperia oncophora and on other s o i l 
nematodes v i z . , Rhabditis wohlgemuthi and panagrellus radivivus 
in v i t r o . In a l l t e s t s the s o i l nematodes and f i r s t and second 
stage C. oncophora larvae were immobilized and k i l l ed soon 
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a f t e r entrapment. However, the t h i rd stage C. oncophora larvae 
continued to s t ruggle vigorously in the t r a p s for more than 
20 hours. A commercial preparat ion of Arthrobotrys i r r e g u l a r i s 
( R - 3 5 0 ) has been found to reduce root ga l l i ng on tomatoes 
(Cayrol & Frankowski, 1979; Cayrol, 1983) and a l so i t inh ib i ted 
juveni les invasion of cucumbers (windrich, 1984). Cayrol e t a l . 
(1978) developed and t e s t ed another fungal product-" R-300'' 
a commercially prepared i s o l a t e of Arthrobotrys robusta against 
Ditylenchus myceliophagus on mushroom Agaricus bisporus . Tr ia ls 
with compost, seeded with ^% (w/w) of Agaricus bisporus and 
Arthrobotrys robusta, simultaneously increased nushroom harves t 
by over 20% and reduced Ditylenchus population in the compost 
by about U0%, Jawich B( Bochow (1969) observed the effect of 
the nematode-trapping flingus Arthrobotrys t o r t o r agains t 
Meloidogyne spp. on d i f f e r en t subs t ra tes in greenhouses. A 
84-90?6 reduction in Meloidogyne spp. i n fes t a t ion of tomatoes 
was achieved using lA-day-old cul tures of A. t o r t o r in po t 
experiments. 
Use of predaceous iUngi together with organic matter 
have been reported to be highly effect ive in reducing the s o i l 
populations of cys t nematodes on d i f fe ren t p l a n t s . In t h i s 
way, Duddington £ t a l . (1956a) conducted an experiment on the 
e f fec t of adding predaceous flingi Dactylaria thaumasia and 
Dactylel la doedycoides together with organic matter (bran) on 
s o i l populations of bee t eelworm (Heterodera s c h a c h t i i ) . 
Treatments with both fUngus and organic matter increased the 
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y ie ld of bee t s , but tbe lUngus had no s ign i f i can t e f fec t on 
the f ina l cyst population v^areas organic matter achieved 
reduction. Simi lar ly , in another experiment Duddington £ t a l . 
(1956b) inves t iga ted the e f f e c t of adding a pradaceous fUngus, 
Dactvlar ia thaumasia, p lus three types of onganic matter 
(Leaf mould, compost and chopped cabbage) on the a c t i v i t y of 
Heterodera ros toch iens i s . The i n i t i a l population of the 
eelwonn was low and the t reatments were without effect on the 
y ie ld of potatoes or on nematode cyst and egg popula t ions . 
Many species of predaceous fUngi have a lso been reported 
to be highly af fec t ive in reducing free l iv ing nematodes in 
fores t l i t t e r . Capstick e t a l . (1957) i so la ted a small propo]>-
tion of samples of free l iv ing nematodes d i r ec t l y from fores t 
l i t t e r were found to be infected with various kinds of fUngi. 
Ihe p resen t r e s u l t s confirm tha t predaceous fungi are ac t ive in 
a n a t u r a l population of nematodes from a s o i l h a b i t a t . The 
more common infec t ions were by hyphae or by small spher i ca l 
bodies (from 2.5 to 13.0 i^ in diameter) , often associated 
with hyphae. Some nematode had been trapped by hyphal snares 
of the cons t r i c t ing r ing type . A number were infected with 
spore forming fUngi, including Hai^osporium oxycoracum. 
Cooke & Pramer (1968) i so la ted a new globose spored 
Honacrosporium from s o i l and was obsenred to capture nematodes 
in adhesive hyphal network. 
2B 
ENDOPARASIT.IC FUNGI 
Knowledge of endozoic nematophagous fungi, a b io log ica l 
group composed of diverse taxonomic e n t i t i e s , has increased 
considerably during the l a s t two decades (Barron, 1969, 1977). 
More than 50 species of endozoic ftingi have been described as 
y e t which belong to most of the group of fUngi, e . g . , 
B las toc lad ia le s , Ghytr id ia les , l^genid ia les , Entomophthorales, 
Zoopagales and Moni l ia les . However, only few of these fUngi 
have been considered ser ious ly as po t en t i a l l y useflil agents for 
b io log ica l con t ro l . I t i s p a r t l y because of the d i f f i cu l ty 
with which they are i so la t ed from s o i l , though they a r e abundant 
and widespread in d i s t r i b u t i o n . Among Hyphomycetes, 
Acrostalagmus, Harposporium and Meria are most common genera 
which can be cultured e a s i l y , while ca tenar ia , Myzocytium and 
Haptoglossa are zoosporic forms which pose g r ea t d i f f i cu l ty to 
grow axen ica l ly . These fUngi most commonly invade the nematode 
hos t by adhesive spores t h a t f i r s t a t tach to the nematode 
c u t i c l e or by spores t h a t are ingested by the nematode and 
lodge in the alimentary cana l . L i t t l e i s known about t h e i r 
infect ion capac i t ies o r reproductive po t en t i a l s under s o i l 
condi t ions . Several at tempts have been made to use such fUngi 
to reduce nematode popula t ions , 
Lohde (1874) suggested for the f i r s t time about the 
p o s s i b i l i t y of using an endoparas i t ic lUngus, Harposporium 
angui l lu lae in regulat ing nematode popula t ions . 
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In severa l t r i a l s , the fUngus Meria coniospora has been 
reported to be highly e f fec t ive in cont ro l l ing root -knot 
nematodes on d i f fe ren t p l a n t s . Jansson e t £ l . (1985) reported 
tha t the endoparas i t ic nematophagus lUngus Meria coniospoira 
reduced root-knot nematode ga l l i ng on tomatoes in greenhouse 
p o t t r i a l s . The flingus was introduced t o pots by addi t ion of 
conidia a t severa l inoculum leve ls d i r e c t l y to the s o i l or 
addi t ion of nematodes infected with M. coniospora to s o i l ; both 
methods reduced root ga l l i ng by root-knot nematodes. Townshend 
e t a l , (1969) t r i e d to con t ro l Meloidogyne hap la on a l f a l f a 
and tomato with the ftingus Meria coniospora. Alfalfa seeds 
were coated with a fungus-rye powder in 2% ce l lu lose and were 
planted in infested s o i l . Three week old seedlings from seed 
t rea ted wilfa M. incognita had 60 and 30% fewer g a l l s in two 
experiments than did seedl ings from untreated seeds. Number 
of J2 in the s o i l were not reduced. Plant growth did no t 
improve. V/hen seed of tomato were coated with M. coniospora 
and planted in M. hap la infested s o i l , roots had 3h% fewer 
g a l l s and U7% fewer J2 in s o i l a t 28 days. After 56 days there 
was no reduction in J2 numbers, p lant growth did not improve. 
V/hen roots of tomato t r ansp lan t s were dusted with M.coniospora 
fbngus-rye powder or sprayed with a spore suspension before 
plant ing in M. hap la infes ted s o i l , 42^ and 33% respect ive ly , 
fewer g a l l s developed in 28 days on t rea ted roots than on root 
not t r ea ted with fUngus. ihe numbers of J2 extracted from roots 
or recovered from s o i l were not induced, however, and p l an t 
growth did not improve. 
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^ ^ '"g"^ Hirsu te -n , rtossUiensis . . . , K 
f«>m peach o«ha rd s o i l s Tn^~ ^ ^SSSEkx ext rac ted 
^oxxs. Invasion of ^^•.,•i^ 
" t a c t a e n t of spores t „ . . ^ nematodes followed 
*A ""^ nematode- s ou t l c l s »«. 
t ion Of tte cu t i c l e d i r e c t l v b . ^ * " ^ ^ - A « « r p e n e t « -
^ I b o u s infect ion , ™ H ""^ ^ ' ' ^ " ^ ^ ^ ° - " « 
"^^tection hypha fonned from which c,.. ^ 
developed. Approximately 2 5 . of 1 ^ ^ ^ ' " " ' ^ ^ 
«Fi. xmateiy 259^  of inoculated juveni les were 
penetrated and k i l l ed bv tho « 
a d u l t r "^^ " " ' ' " laboratory condi t ions ; 
-c iul t C, xenoHla, were penet ra ted . o s t often. i ^ p r o . i . a t e l y ^ 5 0 . 
Of s t ressed adu l t s (120 min. incubation a t ^ ° c p r i o r to 
inocula t ion) were invaded and k i l l e d by the &ngus H. rhoss i l igns is 
rapidly penetrated and colonized a l l adul t s k i l l e d by 30 min. 
of incubation a t 60 C p r i o r to inocula t ion , ja f fee & zehr 
(1965) have shown tha t t i i is fungus i s somewhat sens i t ive to 
fUngis tas is , a shortcoming common to fungi special ized for 
p a r a s i t i s m . He measured the a b i l i t y of Hirsute 11a rhos s i l i en s i s 
to colonize various subs t r a t e s in s t e r i l e and nons te r i l e s o i l . 
Hirsute 11a r h o s s i l i e n s i s was recovered from 67>6 and 77% of 
l i v ing , inoculated Grieonemella xenoplax incubated in s t e r i l e 
and nons te r i l e s o i l , r e spec t ive ly . In cont ras t the Sangus was 
recovered from 1005< and 18% of heat k i l l e d , inoculated nematodes 
incubated on s t e r i l e and n o n s t e r i l e s o i l respec t ive ly . Hirsute 11a 
r h o s s i l i e n s i s was readi ly recovered from inoculated autoclaved 
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wheat seeds incubated in s t e r i l e s o i l but not from seeds 
incubated in n o n s t e r i l e s o i l . Autoclaved peach roots wei« a 
poor subs t ra te for the fUngus. Germination of H. rhoss i l i ens i s 
spores incubated on agar disk above s o i l was about 9096 regard-
l e s s of s o i l t rea tment . However, germ tube length was greatly-
suppressed by non - s t e r i l e s o i l . Jaffee & Muldoon (1989) 
observed the suppression of cyst nematode (Heterodera schach t i i ) 
by na tu ra l i n fe s t a t ion of Hirsute 11a r h o s s i l i e n s i s . Penetrat ion 
of cabbage roots by Heterodera schach t i i was suppressed 50-7756 
in loamy sand n a t u r a l l y infes ted with the nematophagus Hingus 
Hi r su ta l l a r h o s s i l i e n s i s . When Heterodera schacht i i was incu-
bated in the suppressive s o i l without p l an t s for 2 days, AO-6396 
of the juveni les has Hirsute11a r h o s s i l i e n s i s spores adhering 
t o t h e i r c u t i c l e s of these with spores, 80-92?6 were infec ted . 
Infected nematodes were k i l l e d and f i l l e d with hjnphae within 
2-3 days. Addition of KCl to s o i l did not increase infect ion 
of Heterodera schach t i i by Hirsute 11a r h o s s i l i e n s i s . Ttie 
percentage of infect ion was lower when nematodes were touched 
to two spores and incubated in KCl solut ion than when nematodes 
na tu ra l ly acquired two spores in s o i l . 
Various zoosporic fUngi have been found e f f i c i en t 
p a r a s i t e s of p l a n t - p a r a s i t i c nematodes p a r t i c u l a r l y cyst 
nematodes. Kahn (1877) observed an endoparasi t ic zoosporic 
fUngus Catenaria a u x i l a r i s as a pa r a s i t e of females of 
Heterodera s c h a c h t i i . The infec t ion of t h i s fbngus on females 
32 
of H. avenae and Globodera rxsstochiensls has a l so been observed 
(Kerry, 1975; Kerry e t a l . , 1976). Another endoparasi t ic lUngus 
Nematophthora gynophlla, a common p a r a s i t e of Heterodera avenae 
in England was found to be cont ro l l ing H. avenae in nature by 
infect ing females (Kerry, 1974; Kerry & Crump, 1977; Crump 
e t a l . , 1983). Ihe infected females tend t o lose turgor and 
t h e i r bodies become completely f i l l e d with r e s t ing spores of 
the fungus within four days a t 13°C (Kerry, 1974). Ih is fungus 
was also found t o be p a r a s i t i z i n g females of H. carotae , 
H. c ruc i fe rae . H.goett ingiana, H. schach t i i and H. t r i f o l i i but 
no t G. ros tochiens i s (Kerry & Crump, 1977). Kerry e t a l . ( l 960 ) 
observed tha t the p a r a s i t i c a b i l i t y of t h i s fUngus was grea t ly 
governed by s o i l moisture . Jaffee (1986) reported the pa r a s i -
tism of another group• of p l a n t - p a r a s i t i c nematodes, v i z . , 
Xiph enema r ive s i and x, americanum by zoosporic fUngi. He 
extracted l iv ing Xiphenema americanum (:&) and x» r ive s i (xr) 
from s o i l samples and stored for 1-5 days a t 4° or 20°C contained 
asepta te flingal hyphae. Bie fUngi d i r e c t l y penetrated the 
nematode' s Cuticle from spores encysted near the head. Pene-
t r a t i on through the stoma, vulva or anus was r a r e , C&tenaria 
angui l lu lae (Cat ) , Iggenidium caudatum ( l ^ g ) , Aphanomyces 
s p . (Aph) and Leptolegnia s p . (Lep) wer^ i so l a t ed in to pure 
cul ture from infected nematodes. The pathogenici ty of these 
zoosporic fUngi determined by incubating mixed freshly extracted 
Xa and ^ In 2% s o i l e x t r a c t (pH = 6.7, conductivi ty = 48 i ^ hos, 
20+ 2^C) containing zoospores obtained from s ingle spore i s o l a t e s . 
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After 4 days. Cat, Igg. Aph and Lep had infected 78, 18, 13 
and 22%, respec t ive ly , of the nematodes. Both ^ and 2£ were 
infected by every fungus, however, the r e l a t i v e s u s c e p t i b i l i t y 
of ^ and 2£ to these fungi was not determined. All noninoculated 
con t ro l nematodes remained uninfected and a l i v e . In a second 
experiment, paras i t i sm of 2©, ^nd 2£ by Aph and Lsp was inczieased 
when nematodes were incubated in 2% s o i l e x t r a c t for 4 days 
before exposure to zoospores, in a t h i r d experiment, paras i t i sm 
of ^ and 2£ by Cat was g r e a t e r in d i lu ted sa tura t ion s o i l 
e x t r a c t (conductivi ty = 100-AOO i% hos) than in undiluted 
sa tu ra t ion e x t r a c t (conductivi ty = 780 Ifka h r s ) . 
Some species of genera Nematoclonus, v i z . , Nematoetonus 
heptocladus and N. concurrens have been reported as endozoic 
nematode destroying fungi. They k i l l e d nematodes on contac t 
before pene t ra t ing the c u t i c l e (Cook, 1971). 
Tzean & Sstey (1981) found t h a t Pythium monospermum. 
P. aphanidermatum and Phytophthora palmivora were capable of 
destroying ce r t a in nonstyle t -bear ing nematodes through endozoic 
paras i t i sm by hyphae from ingasted zoospores. 
OPPORIUNISTIC FUNGI 
In recent years , a new phase in the his tory of knowledge 
of phytonematode pathology has opened with the i n t ens i f i ca t i on 
of i n t e r e s t in diseases of females, cysts and eggs. Recent 
s tudies have indicated t h a t exis tance of opportunis t ic s o i l 
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fungi capable of colonizing nematode reproductive s t ruc tu re s 
and de le te r ious ly affect ing them. Nematodes belonging t o such 
genera as Globodera, Heterodera and Meloidogyne« a t sedentary 
s tages of t h e i r l i f e cycles are vulnerable to a t t ack by fUngi 
e i t h e r within host p lan t roo t s or when exposed on the root 
surface or within s o i l . The common genera of such fUngi are 
Cylindrocarpon. Sxophiala, Risarium« Qliocladium. Paecilomyces, 
Phoma, Torula, Ver t ic i l l ium e t c . Ohese fUngi can survive host 
fi«e periods and can be grown axen ica l ly . The re la t ionsh ip 
between these tangi and t h e i r nematode hosts appear to be 
v a r i a b l e . The main types of des t ruc t ive a c t i v i t y are thought 
to be enzymatic d isrupt ion of nematode s t r u c t u r a l elements, 
such as egg she l l s and l a r v a l cu t i c l e s and physiological 
dis turbances brought about by biosynthesis of d i f fus ib le toxic 
metabol i t es . 
Among oppor tunis t ic fUngi, Paecilomyces sp . p a r t i c u l a r l y 
paecilomyces l i l a c inus has been the subject of many recent 
researches for evaluating i t s b iocontrol p o t e n t i a l agains t 
nematodes. Recently, the de ta i l ed work on P. l i l a c i n u s has been 
reviewed by Alam (1990b). The most important qual i ty of the 
fungus paecilomyces l i l a c i n u s i s i t s a b i l i t y to rapidly colonize 
nematode reproductive s t ruc tu res in short span of time and to 
survive host free periods besides i t s capacity to grow axenica l ly . 
I t i s a good competitor to o ther s o i l microorganisms. Moreover, 
p . l i l a c inus has a long- las t ing res idual e f fec t in f ie ld condit ion. 
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In p h i l l i p p i n e s i t i s being produced commercially under the 
t i^de name of « BIOCON' . 
Paecilomyces l i l a c inus has been reported to be highly 
ef fec t ive in con t ro l l ing p l a n t - p a r a s i t i c nematodes p a r t i c u l a r l y 
root-knot and cys t nematodes on various p l a n t s . 
P . l i l a c i n u s was i so la ted from egg-masses of Meloidogyne 
incognita a c r i t a found on infected pota to roots in cen t r a l 
Peruvian highland in the Huanuco Valley (Anon., 1979; S t r t t n e r , 
1979; J a t a l a e t a l . , 1979; J a t a l a , 1982). J a t a l a (1965) 
reviewed the use of b io log ica l cont ro l agents in reducing 
numbers of Meloidogyne spp. with p a r t i c u l a r reference to the use 
of paecilomyces l i l a c i n u s in cont ro l l ing Meloidogyne incognita 
on po ta toes . I t was found t h a t the fUngus s ign i f ican t ly reduced 
the tuber and roo t ga l l ing due to the nematode. Roman & Marcano 
(1985) conducted two experiments in the greenhouse to determine 
the e f f ec t of P . l i l a c inus in con t ro l l ing the larvae and roo t 
knot or roo t g a l l formation of M. incognita in tomato c u l t i v a r 
Florodel . The p l an t s were inoculated with the fUngus a lone, 
the nematode alone or both simultaneously a t d i f ferent time 
in te rva l s and combinations. Observations made 60 days a f t e r 
the inoculat ions showed t h a t Aingus cont ro l led the nematodes 
and reduced root knot formation. In the f i r s t experiment, 
s ign i f i can t ly fewer larvae were found in roots and s o i l of 
p lants inoculated with the flingus three days p r i o r to nematode 
inocula t ion . A higher root-knot index in p lan t s inoculated with 
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nematode a lone ; with fungus and nematodes simultaneously; o r 
v«ith the fungus alone three days a f t e r nematode inoculat ion, 
was a lso obtained. In the second experiment, a tendency for 
a reduced number of nematodes in s o i l root and g a l l indices 
was observed as the time of inoculat ion of the fUngus before 
the nematode inoculat ion was increased. Plants inoculated with 
the fUngus four and s ix days before nematode inoculation and 
s ign i f i can t ly lower g a l l indices than the o ther p lants inocula-
ted with the nematode, the Hingus or bo th . Cabanillas e t a l . 
(19B8) examined the excised tomato roots h i s to log ica l ly for 
in te rac t ions of the fungus, p . l i l a c i n u s and Meloidogyne 
incognita Race 1. Root ga l l i ng and g i a n t c e l l formation were 
absent in tomato roots inoculated with nematode-eggs infected 
with P. l i l a c i n u s . Pew to no g a l l s and no g ian t c e l l formation 
were found in roots dipped in a spore suspension of P. 
l i l a c inus and inoculated with M. incogni ta . Numerous large 
g a l l s and g i a n t c e l l s were p resen t in roots inoculated only 
with M. incogni ta . P. l i l a c i n u s colonized the surface of 
epidermal c e l l s as well as the i n t e r n a l c e l l s of epidermis and 
cor tex . Cabanillas and Barker (1S89) conducted microplot 
experiments to evaluate the e f fec t s of inoculum leve l and time 
of appl ica t ion of P. l i l a c i n u s on the pro tec t ion of tomato 
against M. incogni ta . Greatest p ro tec t ion aga ins t t h i s pathogen 
was obtained when P. l i l a c i n u s was del ivered in to s o i l ten days 
before p lan t ing and again a t p l a n t i n g . Yield was increased 
two fold compared with yie ld in nematode alone p lo t s and p l o t s 
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witb M. incognita + the Hingus. Percentages of P . l i l a c i n u s 
infected egg-masses were g r e a t e s t in p lo t s t rea ted a t mid-season 
or a t mid-season + in ea r ly appl icat ion compared with p lo t s 
t rea ted with the fungus ten days before p lant ing and (or) a t 
p lant ing t ime. Cabanillas e_t al. .( 1989a) conducted laboratory 
and microplot experiments to determine the influence of storage 
of P. l i l a c inus on M. incognita on tomato. Application of 
P. l i l a c inus in f ie ld microplots resul ted in about 25% increase 
in tomato yie ld and 25% g a l l s suppression, compared witti 
nematode a lone . Greates t suppression of egg-development occurred 
in p lo t s t rea ted with P. l i l a c i n u s in p e l l e t s wheat grains and 
granules . Cabanillas e_t a l . (1989b) inves t iga ted the p o t e n t i a l 
of 13 P. l i l a c i n u s i s o l a t e s from various geographical regions 
as b iocontrol agents aga ins t M. incognita, the e f fec ts of 
temperature on t h e i r growth and charac te r iza t ion of the impact 
of s o i l temperature on the efficacy for con t ro l l ing t h i s 
nematode. Maximum flingal growth, as determined by dry weight 
of the inoculum, occurred from 24 to 30°C; l e a s t growth was 
a t 12 and 36^C. The bes t cont ro l of M. incognita was provided 
by an i s o l a t e from Peru or a mixture of i s o l a t e s of P . l i l ac inus« 
As s o i l temperature increased from 16 to 2S°C, both root-knot 
damage caused by M. Incognita and percentage of egg-masses 
infected by P. l i l a c i n u s increased. The g r e a t e s t res idual 
P. l i l ac inus a c t i v i t y on M. incognita was a t t a ined with a 
mixture of fUngal i s o l a t e s . These i s o l a t e s affected lower roo t 
ga l l ing and nec ros i s , egg development and enhanced shoot growth 
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compared with p l an t s inoculated with H. incognita a lone . 
Sharma e t a l . (1989) observed the reduction in Meloidogyne 
incognita population by using fUngus paecilomyces l i l a c inus 
grown on d i f fe ren t r ice l e v e l s . Maximum cont ro l was found 
with Rice (R) + Nematode (N) + Rmgus (F) treatment having 
AO gm r i ce l e v e l . P . l i l a c i n u s surrounded the egg-masses and 
the mycelium penetrated the eggs deeply. Shanna & Trivedi 
(1989) tes ted four inoculum levels of P . l i l a c i n u s (1,5,15 
and 75 g fungus-infested r i ce ) for cont ro l of M. incognita on 
aubergine, ihe number of egg-masses and number of eggs/eggmass 
were much lower in p l an t s t r ea ted with the fungus compared to 
con t ro l s . There was 34, 75, 87 and 919^  nematode reduction in 
p lan t s t r ea t ed with 1, 5, 15 and 75 g doses of fungus infested 
r i ce r e spec t ive ly . Sharma & Trivedi (1989) a l so conducted an 
experiment to cont ro l Meloidogyne incognita infect ing Trigone Ha 
foenum-graceum using P. l i l a c i n u s raised on goat dung or sesame 
o i l cake as s u b s t r a t e s . Relat ively b e t t e r reductions in the 
nematode population was observed on the subs t ra te + fUngus + 
nematode treatment compared with subs t ra te + nematode a lone . 
Root-knot index was lower in the sesame o i l cake + fUngus + 
nematode combination (1 .7 , 1.5, 5 and 10 g subs t r a t e , respec-
t ive ly) than in the dung + fUngus + nematode one (2 and 1.7). 
The flingus penetra ted the eggs and fed upon t h e i r contents 
l iv ing empty s h e l l s . Invaded eggs were swollen in comparison 
with uncolonized ones. Fernandez ejb aj . . (1989) evaluated the 
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effect iveness of 1 0 - 1 0 conidia/ml concentrations of the 
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Peruvian s t r a i n of Paecilomycea l i l a c inus in the b io log ica l 
cont ro l of Meloidogyne incognita JJQ v i t r o . A concentration 
of 10 conidia/ml and higher resul ted in 10096 colonization of 
the nematode eggs a t 12 days of exposure with a reduction of 
659^ of t h e i r ha tch . 
Croshier e t a l . (1985) observed the effect iveness of 
Paecilomyces l i l a c i n u s in the control of the root -knot nematode 
Meloidogyne javanica on tomato. High percentage of egg infec-
t ion was found. 
Gomes Cameiro & Cayrol (1991) evaluated the r e l a t i o n -
ship between inoculum dens i ty of the nematophagous paecilomyces 
l i l a c i n u s and cont ro l of Meloidogyne a r g i a r i a on tomato. Five 
doses (0 .01 , 0 . 1 , 1, 10 and lOOg/m ) of a commercial product 
of paecilomyces l i l a c i n u s i so la ted from eggs of Meloidogyne 
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incognita were applied in a powder formulation (10 spores/g 
of product) in a glasshouse pot experiment aga ins t large in fes -
ta t ions of Meloidogyne a r e n a r i a . The t r i a l was conducted over 
eleven months on three successive tomato cv. Saint Pierre 
crops . Results showed tha t the number of the flingal propagules 
in the s o i l was cor re la ted t o the i n i t i a l dose applied, and 
decreased progressively through the time with increased dose. 
Populations of M. arenar ia were s ign i f i can t ly reduced by the 
flingus a t 10 and 100 g of spores/m in the second and th i rd 
nematode genera t ions . The number of colonized egg-masses and 
the number of non-viable eggs increased with fungal inoculum 
40 
and the fungus was most e f fec t ive a t a densi ty of 10 spores/g 
of s o i l . In the highest l eve l of control (IOO76 colonized 
eggmasses) only 5096 of the eggs were p a r a s i t i z e d . Twenty three 
percent of the larvae remained which cons t i tu tes an important 
r e s idua l inoculum p o t e n t i a l , 
Jimnez & Gallo (1966) evaluated the eff iciency of 
paecilomyces l l l a c i n u s as a b io log ica l control agent of 
Meloidogyne spp. v i z . , M» .javanica, M. ai^enaria and M.incognita 
under greenhouse condi t ions . Uie fungus infected eggs and 
occasional ly females, Ftohana e t a l . ( 1 ^ 7 ) observed the ef fec ts 
of appl ica t ion of paecilomyces l i l a c inus and population l eve l s 
of root-knot nematodes (Meloidogyne spp.) and tomato p l an t 
growth. P, l i l a c i n u s inh ib i t ed the population development of 
Meloidogyne spp, and maintained growth of tomato a t 0.5 and 
1.0 g inoculum/750g s o i l . 
Franco ^ t a l . (1961) evaluated the eff iciency of 
paecilomyces l i l a c i n u s as a b iocontrol agent of Globodera p a l l i d a . 
One-year-old cys ts of G. pa l l i d a were surface s t e r i l i z e d with 
10% clorax and sprinkled in p e t r i - p l a t e s containing PDA, ^B 
or water-agar medium recent ly inoculated with P. l i l a c inus 
spores . The p l a t e s were maintained a t 20°C for 5, 10, 15, 20, 
25 and 30 days. At the end of each period, cysts were recovered 
from p l a t e s , washed and divided in two groups. Infected eggs 
were counted in one group while the second group of cysts were 
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exposed to pota to root exudates to determine the extent of 
hatching. Ihe percentage of infected eggs increased as the 
time of exposure to fUngus increased, but there were no d i f f e -
rences in egg infec t ion in d i f fe ren t media. Results of the 
hatching t e s t s indicated a s t imulatory e f f ec t of media upto 
25 days . Ihereafter , hatching decreased s i g n i f i c a n t l y . Ohe 
decreased hatching was cor re la ted with the increased infec t ion 
of eggs by P. l i l a c i n u s . J a t a l a ejb a l . (1965) reported hatching 
s t imulat ion and inh ib i t ion of Globodera pa l l i da eggs by enzymatic 
and exopathic toxic compounds of some biocontro l fUngi p a r t i c u -
l a r l y paecilomyces l i l a c i n u s . laboratory and greenhouse s tudies 
on the e f f e c t of P . l i l a c i n u s on G» pa l l ida indicated up to 30 
percent egg damage without d i r e c t penetra t ion while the hatching 
was st imulated prematurely in the eggs containing second stage 
Juven i l e s . 
SaifUllah & Gul (1991) tes ted the eff icacy of P . l i l a c i n u s 
a g a i n s t Globodera ros tochiens is in a po t experiment using 2 
methods of inocula t ion : d i r e c t pouring of fUngus infected wheat 
gra ins (7g(A) and 14 g(B) to the s o i l and coating potato tubers 
with fUngus. Final nematode populations were 7D, 7D and 75 
cysts /50 cm^ s o i l , 2.75» 11.25 and 12.25 cys t s / tubers and 5.00, 
5.5 and 7.75 cysts/5cm roo t were recorded due to fUngus coated 
tubers,dose 5 and dose A, z*espectively. Yield and p l a n t height 
were g r e a t e s t with tuber coating while fresh shoot weight was 
g r e a t e s t with dose B. 
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paecilomyces l i l a c i n u s in assoc ia t ion with Vert ic i l l ium 
cblamydosporium have a lso been found effec t ive aga ins t r oo t -
knot nematodes. Population d e n s i t i e s of M. incognita and the 
nematophagus fungi, P . l i l a c i n u s and Yert ic iI l ium chlamydosporium 
were determined by Gaspard e t a l . (1990b) in 20 Northern 
California tomato f i e ld s over two growing seasons. All P . 
l i l a c inus and V, ch lamydosporium f ie ld i s o l a t e s paras i t i zed 
M. incognita eggs in v i t r o . In a greenhouse study, numbers of 
V. ch lamydosporium and p . l i l a c i n u s increased more in s o i l with 
M. incognita infected tomato p lan t s than in s o i l with uninfected 
tomato p l a n t s . After 10 weeks, ttie Pf/Pi of second stage 
Juveniles in s o i l s infes ted with £ . l i l a c i n u s . V. chlamydosprium 
and M. incognita was 47.1 to 295.6. The r e s u l t suggested t h a t 
_V. ch lamydosporium and p . l i l a c i n u s were not effect ively 
suppressing populat ions of M. incognita in California tomato 
f i e l d s . The su rv iva l of M. incognita in s o i l infested with 
P. l i l a c inus and V, chlamydosporium was s tudied by Gaspard e_t a l . 
(1 QQOa^Meloidogyne incognita infected tomato seedlings are 
t ransplanted i n t o s t e r i l i z e d s o i l or u n s t e r i l i z e d s o i l col lected 
from 20 Cal i fornia tomato f ie lds to measure suppression caused 
by P. l i l a c i n u s , v. chlamydosporium and o the r na ta ra l ly occurr-
ing an t agon i s t s . Uns ter i l ized s o i l s contained 35, 39 and 35% 
fewer M. incognita second stage Juveniles (J2) than did 
s t e r i l i z e d s o i l 1 month a f t e r infected tomato seedlings were 
transplanted to these s o i l s and placed in a greenhouse. Three 
months a f t e r infected seedlings were transplanted to uns t e r i l i z ed 
43 
or s t e r i l i z e d s o i l , u n s t e r i l i z e d s o i l s had 97, 62 and 86% 
fewer J2 than the corresponding s t e r i l i z e d s o i l s . Uns te r i l i zed 
s o i l s of M. incognita infected seedlings tha t were maintained 
one month in a greenhouse followed by 1 or 2 month of pos t -
harves t inoculat ion contained J2 numbers equal to or g r e a t e r 
than, numbers in the corresponding s t e r i l i z e d s o i l . The most 
suppressive of the u n s t e r i l i z e d s o i l s , K and Q were not infested 
with V. chlamydosporium, P. l i l a c i n u s and V. chlamydosporium 
in colony folining u n i t s in u n s t e r i l i z e d s o i l of a l l bioassays, 
but they were n o t associated with lower numbers of J 2 . S t i r l i n g 
& West (1991) evaluated the flingal p a r a s i t e s of root-knot 
nematode eggs from t r o p i c a l and subt ropica l regions of Aus t ra l i a . 
A survey of A8 Giieensland s o i l s for nematophagous fUngi revealed 
Hie presence of Vert iciI l ium chlamydosporium and Paecilomyces 
l i l a c i n u s . To ident i fy i s o l a t e s with tiie biocontrol p o t e n t i a l , 
26 i s o l a t e s of P . l i l a c i n u s and 13 i s o l a t e s of V. chlamydosporium 
were screened for a c t i v i t y aga ins t Meloidogyne javanica eggs 
using 3 d i f f e r e n t t e s t s . Two i s o l a t e s of V. chlamydosporium 
and one i s o l a t e of P. l i l a c i n u s were highly p a r a s i t i c in a l l 
3 t e s t s . 
There a re a l so repor t s regarding the p o s s i b i l i t y of 
using Paecilomyces l i l a c inus along with a b a c t e r i a l p a r a s i t e 
of nematodes, pasteurea penetrans for cont ro l l ing root-knot 
nematodes on various p l a n t s . Dube & Smart (1987) reported the 
p o s s i b i l i t y of using P. l i l a c i n u s along with pasteur ia penetrans 
fo r con t ro l l ing Meloidogyne incognita on tomato, tobacco, soybeans. 
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Vlcia v i l l o s a and Capsicum annuum. They noted g r e a t e r nematode 
cont ro l when P . l i l a c i n u s and P. pgie t rans were applied together . 
Similar r e s u l t s were obtained by Maheshwari & Mani (1968) in 
case of M. .javanica on tomato and Zaki & Maqbool (1992) in case 
of M. javanica on b r i n j a l and mung. 
Several workers made comparative study about the efficacy 
of Paecilomyces l i l a c i n u s with d i f f e r e n t nematicides aga ins t 
p l a n t - p a r a s i t i c nematodes on various p l a n t s . J a t a l a e t £ l . 
(1980) compared the efficacy of P . l i l a c i n u s with nematicides 
and oiiganic mat ter aga ins t M. incognita on pota to cv. CUzco. 
The root ga l l i ng was s ign i f i can t ly lower in p lan t s grown in 
p l o t s applied with the fungus than those from p l o t s applied 
with Temic 10% G a t 25 kg/ha, Nemacur 5% G a t 50kg/ha, Riradan 
3% G a t 50 kg/ha and organic matter a t 10 ton/ha. Whereas 
Davide & Zor i l la (1985, 1986) found a nematicide isozofos 
(Miral 10G) more ef fec t ive than P. l i l a c i n u s in control l ing 
M. incognita on okra. Novarett i et a l . (1986) and Shahzad & 
Ghaffar (1987) have used P. l i l a c i n u s and Riradan for nematode 
con t ro l , while Khan (1983) compared the efficacy of P . l i l a c inus 
with a ld icarb for cont ro l l ing Globodera ros tochiensis on po ta to . 
Dickson & Mitchell (1985) evaluated p . l i l ac inus alone 
and in combination with ethoprop and phenomiphos for management 
of Meloidogyne .javanica on tobacco in microplots . The y ie ld 
of crop was maximum in the treatment where Aingus was p resen t . 
Similar r e s u l t s were a l so observed by Hewlett et a l . (1988). 
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fteddy & Khan (1989) studied the effect of Paecilomyces l l l a c lnus 
alone and in combination with carbofiiran on the management 
of reniform nematode, Rotylenchulus reniformis infect ing 
b r i n j a l . Inoculation of p l an t s with p . l i l a c i n u s grown on Ag 
s t e r i l i z e d r i ce was ef fec t ive in increasing p l an t he igh t and 
root weight and in reducing the nematode population both in 
s o i l and r o o t s . The fUngus gave l e a s t reproduction fac tor and 
increased the percentage of males, p . l i l a c inus infected both 
eggs and mature females of the reniform nematode. 
Beside Paecilomyces l i l a c i n u s another species of 
Paecilomyces, p . marquandii has a l so been observed by Marban-
Mendoza et a l . (1992) as one of Vie na tu ra l s o i l organisms tha t 
cont r ibute to nematode suppression in the chinampa a g r i c u l t u r a l 
s o i l s . Two appl ica t ions of i s o l a t e s of paecilomyces marquandii 
from suppressive chinampa s o i l or p , l i l a c i n u s from Peru, 
general ly gave b e t t e r con t ro l of tomato root-knot due to 
Meloidogyne incognita than did a s ingle app l i ca t ion . The effects 
of root ga l l ing by each of the Paecilomyces i so l a t e s var ied 
between ejcperiments, however, the ovic ida l p o t e n t i a l of the 
three i s o l a t e s did not d i f f e r s i g n i f i c a n t l y . 
Ver t ic i l l ium spp , , another oppor tunis t ic flingi have 
a l so been recognized as important b iocontrol agents . Several 
species of Vert ic i l l ium p a r t i c u l a r l y , Vert ic i l l ium chlamydosporium 
have been found ef fec t ive in cont ro l l ing p l a n t - p a r a s i t i c 
nematodes on d i f f e r e n t p l a n t s . 
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DeleiJ et £ l . (1992) observed the e f fec t of fUngal 
app l ica t ion r a t e and nematode densi ty on the effect iveness of 
Ver t ic i l l ium chlamydpsporium as a b io log ica l control agent for 
Meloidogyne incogni ta . They tes ted five appl ica t ion r a t e s of 
Ver t ic i l l ium chlamydosporium and f ive inoculum dens i t i e s of 
Meloidogyne i n c o ^ i t a in a f a c t o r i a l experiment on tomato 
p lan t s grovm in pots and studied the e f fec ts of nematode and 
iUngal inoculum densi ty on fungal colonisa t ion of s o i l and 
tomato roots as well as nematode cont ro l and invasion of the 
r o o t s . Although galled roots were most extensively colonised 
by V. chlamydosporium. the fUngus was l e a s t e f fec t ive in 
contix>lling M. incognita a t high nematode d e n s i t i e s , 
Delei j & Kerry (1991) inves t iga ted ttie p o t e n t i a l of three 
_V. chlamydosporium i so l a t e s as b io log ica l cont ro l agents aga ins t 
M. arenar ia on tomato p lan ts under glasshouse condi t ions . All 
three i s o l a t e s survived well in s o i l but showed marked differences 
in t h e i r a b i l i t y to colony uninfected roo t s , nematode g a l l s and 
nematode eggs. Signif icant population reductions of >809^  a f t e r 
the f i r s t nematode generat ion, were achieved with one i s o l a t e s , 
which resu l ted in s i gn i f i c an t damage cont ro l , but no population 
cont ro l , in subsquent genera t ions , 
Kerry & Crump (1977) observed the efficacy of lUngal 
p a r a s i t e s of females and eggs of the ce rea l cys t nematode, 
Heterodera a venae, and other cys t nematodes. Most populations 
of the ce rea l cyst-nematode were p a r a s i t i s e d by fungi k i l l i n g 
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females and eggs. Vert ic i l l ium chlamydosporium was the most 
frequently observed egg p a r a s i t e ; i t k i l l e d 50% of the eggs 
in females on barley roots in July in a f ie ld t r i a l . Kerry 
e t a l . (1984) observed the reduction in the numbers of Heterodera 
a vena e on wheat when they added i s o l a t e s of Vert ic i l l ium 
chlamydosporium and a s t e r i l e fungus to s o i l on ground oa t 
g ra in . 
Irving & Keriy (1966) studied the infect ion of 
Heterodera avenae and H. schach t i i eggs by s ix s t r a in s of 
Vert ic i l l ium chlamydosporium on water agar . Dead eggs and 
those t h a t were immature were most readily colonized by a l l 
s t r a i n s of the fUngus. S t r a in s differed in t h e i r pathogenicity 
bu t a l l wera p a r a s i t i c and capable of colonising viable eggs 
including those containing second stage ^ v e n i l e s . H. avenae 
eggs were more suscep t ib le to paras i t i sm than those of 
H. schacht i i but s t r a i n s di f fered in t h e i r v i ru lence . 
Beside Ver t ic i l l ium chlamydpsporium, another species 
Ver t ic i l l ium l e c a n l i has a l so been found effec t ive in cont ro l l ing 
p l a n t - p a r a s i t i c nematodes. 
Hansller (1990) determined the a b i l i t y of Vert ici l l ium 
l ecan i i to colonize and degrade cysts of H. s chach t i i . The 
cys t wall was pehetrated by the fUngal mycelium only 60 h a f t e r 
inocula t ion . Ins ide the cys t cavi ty , the fUngus passed through 
the egg she l l s and colonized the larvae, _V. l ecan i i secreted 
speci f ic enzymes into the cul ture medium which enabled i t to 
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degrade cons t i tuen t s of the cys t wall as well as the eggshe l l . 
Uzie l & Sikora (1992) made an attempt to control pota to 
cys t nematode Globed era pa l l ida using the fUngus Vert ic i l l ium 
l e c a n i i in v i t r o . Eggs were found infec ted . Observations 
with the scanning electron microscope revealed hyphae emerging 
from the ins ide of eggs in fec ted . 
FUsarium spp, are frequently found in rhizospheric 
s o i l . The eff iciency of these flangi as b iocontrol agents have 
a lso been evaluated. 
Moussa & Hague (19B8) obseirved the influence of Risarium 
oxysporum f. sp , glycines on tiie invasion and development of 
Meloidogyne incognita on soybean. Nematode invasion of the 
roo t was not affected but g i a n t c e l l s were invaded by the 
^ngus and destroyed. 
Ansari (1992) evaluated the eff iciency of Risarium 
solani as a b iocontro l agent of Meloidogyne incognita on eggplant 
in v i t r o . FUsarium solani was found present inside the eggs. 
Later experiment confirmed the nematode destroying p o t e n t i a l 
of F. s o l a n i . 
Sakhuja £ t a l . (1978) and Mani & Sethi (19B4) tes ted the 
cu l tu re f i l t r a t e s of Risarium oxysporum and Risarium so lan i 
a t d i f f e r en t concentrat ions aga ins t Meloidogyne incognita to 
determine t h e i r efficacy in inh ib i t ing egghatch and juveni le 
mobi l i ty . They obtained s ign i f i c an t reductions in egghatch 
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and juveni le mobi l i ty . There was a progressive Increase in 
reduction in hatching and immobility of juveni les as the 
concentration of cu l ture f i l t r a t e s were increased. 
Dactylel la ov ipa ras i t i ca has been described as a new 
fUngal p a r a s i t e of Meloidogyne eggs. This fUngus was i so la ted 
from root-knot nematode (Meloidogyne s p . ) eggmasses and was 
shown to p a r a s i t i z e eggs ( S t i r l i n g & Mankau, 1978a,b). S t i r l i ng 
e t a l . (1978) used Dactyle l la ov ipa ras i t i ca as a b io log ica l 
cont ro l agent aga in s t Meloidogyne spp. on peach in f ie ld and 
laboratory experiments and obtained considerable reduction in 
nematode popula t ions . 
Association of various flingi with c y s t s , eggs and 
juveni les of cys t nematodes have a lso been reported. Eggs were 
found pa ra s i t i zed by fUngi (Clovis & No Ion, 1983; Hoessner, 
1987; Garris e t a l . , 1939). Lopez & Romero U988) reported 
t h a t eggs and cysts of H. schach t i i were found to be p a r a s i t i z e 
witii fungi in three populations of the nematode from Ventosa de 
la Qaesta, Alconada and 3icinas de Aba j o , Spain. 65% of cys ts 
and 29.59^ of the eggs were infec ted . The most frequently 
occurring p a r a s i t e s were Acremonium s t r ia tum, Cyiindrocarpon 
des t ruc tans , PUsarium oxysporum. FUsarium so lan i and Vert ic i l l ium 
chlamvdpsporium. Oil iness d isease was detected in eggs and 
second stage j u v e n i l e s . 
Schuster & Sikora (1992) found s i g n i f i c a n t reductions In 
newly formed cysts and considerable egg colonizat ion of 
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Globodera pa l l ida when they applied d i f fe ren t formulations of 
fUngal egg pathogens Acremonium sordldulum and a s t e r i l e Aingus 
resembling FUsarlum (Ps) in a lg ina te granules to u n s t e r i l e 
field soil. 
The possible use of Vesicular arbuscular mycorrhiza (VAM) 
in b io log ica l cont ro l of nematodes has a l so been reported, 
paras i t i sm of Heterodera glycines eggs has been reported with 
the VAM fUngus Glomus fesiculatum, but the leve l of paras i t i sm 
was not considered su f f i c i en t to negatively a f f ec t nematode 
a c t i v i t i e s (Francl & Dropkin, 1985). 
PLAN OF WORK 
3 . PLAN OF WORK 
•Die o v e r a l l aim of the proposed research i s to develop 
cheap and e a s i l y acces ib le non-chemical measures which may be 
helpful to con t ro l p l a n t - p a r a s i t i c nematodes r e su l t i ng in 
b e t t e r crop production without causing any harm to the environ-
ment and h e a l t h . The forgoing review reveals t h a t considerable 
work has been car r ied out on ttie b iocontro l of p l a n t - p a r a s i t i c 
nematodes with nematode destroying fungi. 
However, these s tud ies have been mostly confined to 
other coun t r i e s . Therefore, i t i s considered worthwhile to 
systemat ical ly study th i s problem. The following s h a l l be ihe 
plan o)f work. 
1. To study the ef fect of se lected nematode destroying Aingi 
on the root-knot development caused by Meloidogyne incognita 
and p l a n t growth of okra and chickpea in pot condit ion. 
2 . To study the ef fect of a g r i c u l t u r a l wastes ( e . g . , chopped 
leaves of se lected p lan t s of compositae, cas tor , neem, 
e t c . ) s ingly or in combination with an tagonis t ic fungi 
on the root-knot development caused by Meloidogyne 
incognita and p l an t growth of okra and chickpea in po t 
condi t ion. 
3 . To study the e f f ec t of a g r i c u l t u r a l wastes ( e . g . , chopped 
leaves of se lec ted p l an t s of compositae, cas tor , neem, 
e t c . ) s ingly or in combination with an tagonis t ic fUngi on 
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p l a n t - p a r a s i t i c nematodes and p l a n t growth of okra and 
chickpea in po t condi t ion . 
A. To study the ef fec t of a g r i c u l t u r a l wastes ( e . g . , chopped 
leaves of se lec ted p l an t s of compositae, cas tor , neem, 
e t c . ) s ingly o r in combination with an tagonis t i c fUngi on 
p l a n t - p a r a s i t i c nematodes and p lan t growth of okra and 
chickpea in f ie ld condi t ion . 
5 . To study the e f f ec t of byproducts of agro-based indus t r ies 
( e . g . , o i l cakes of neem, cas tor , e t c . ) s ingly or in 
combination with an tagonis t i c fUngi on the root-knot 
development caused by Meloidogyne incognita and p l an t 
growth of okra and chickpea in po t condi t ion . 
6 . To study the e f f ec t of byproducts of agrobased indus t r ies 
( e . g . , o i l cakes of neem, cas tor , e t c . ) s ingly or in 
combination with an tagon is t i c Hingi on p l a n t - p a r a s i t i c 
nematodes and p l an t growth of okra and chickpea in pot 
condi t ion. 
7. To study the e f fec t of byproducts of agrobased indus t r ies 
( e . g . , o i l cakes of neem, cas tor , e t c . ) s ingly or in 
combination with an tagonis t ic fUngi on p l a n t - p a r a s i t i c 
nematodes and p l a n t growtti of okra and chickpea in f ie ld 
condi t ion. 
MATERIALS 
AND 
METHODS 
4 . MAIERIAIS A METHODS 
4.1 Select ion of t e s t ma te r i a l s ; 
P l a n t - p a r a s l t i c nematodes v i z . , ihe root-knot nematode, 
Meloidogyne Incognita (Kofold & Vftilte) Chltwood, and the 
renlform nematode, Rotylenchulus rg i i formls ULnford & Ollvelra , 
and a Aingus paecllomyces l l l a c l n u s (Thom.) Samson, have been 
selected which w i l l serve as t e s t organism for the s t u d i e s . 
Agr icul tura l wastes ( e . g . , chopped leaves of selected p lan ts 
of composltae, cas to r , neem, e t c . ) and byproducts of agrobased 
indus t r i e s ( e . g . , o i l cakes of neem, cas to r , e t c . ) w i l l a l so 
be used as nematode cont ro l agents in combination with the 
fUngus, Okra, Abelmoschus esculentus Moench. w i l l be used as 
the t e s t p l a n t during summer season and chiclq)ea, Cicer 
arietinum L. during winter season. Chickpea s t r a i n of rhizobium 
wi l l a l so be used as and when inquired . 
4.2 Preparat ion of inoculum of the t e s t nematodes; 
Pure cu l tu res of the root-knot nematode, Meloidogyne 
incognita and the renlform nematode, Rotylenchulus reniformis 
w i l l be maintained on tomato in microplots /big concrete p o t s . 
In the case of the root-knot nematode, eggmasses wi l l 
be col lected from the infected roots of tomato with the help 
of s t e r i l i z e d forcep and w i l l be placed on small coarse sieves 
(1 mm pore s ize ) l ined with moist t i ssue paper and placed in 
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10 cm diameter p e t r i d i s h e s containing appropr ia te amounts of 
water. Second stage Juveni les , which w i l l be hatched, w i l l 
be col lected along with water from the pe t r i d i shes a f t e r every 
24 hours. Fresh water w i l l be added to the pe t r id i shes a f t e r 
withdrawing the nematode suspension. Ih is process w i l l be 
repeated up to 5-7 days . These second stage Juveniles w i l l 
serve as the inoculum of the root -knot nematode. 
For the ex t rac t ion of the renifonn nematode, s o i l w i l l 
be col lected from around the roots of heavily infected tomato 
p lants growing in microplots . The s o i l w i l l be processed for 
ex t rac t ion of the renifonn nematode by using the Cobb's seiving 
and decanting method along with the modified Bearmann fUnnel 
technique (Southey, 19B6). The nematode suspension wi l l be 
col lected from the fUnnels and i t w i l l serve as inoculum of 
the renifonn nematode. 
Separate water suspensions of the nematodes wi l l be 
gently s t i r r e d for making homogenous d i s t r i b u t i o n of nematodes 
and then 5 ml suspension w i l l be t ransferred to the counting 
dish (Southey, 1986) and the numbers of nematodes in each 
sample w i l l be counted under s te r ioscopic microscope. An 
average of five counts w i l l be made in each case to determine 
the density of nematodes per u n i t volume of the suspension. 
4.3 Preparat ion of inoculum of the flmgus : 
Pure cu l tu re of th*. fUngus, paecilomyces l i l ac inus w i l l 
be maintained in cu l tu re tubes containg potato-dextrose-agar(PDA) 
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which w i l l be prepared from the following c o n s t i t u e n t s : 
Potato 250.OOg 
Dextrose 17.00g 
Agar 20.OOg 
D i s t i l l e d water 1000.00ml 
F i r s t the pealed p ieces of potato w i l l be boiled in 
water and the e x t r a c t s ( a f t e r removing the potato pieces) w i l l 
be mixed with dextrose and agar and wi l l be boiled again . This 
medium in l iqu id condit ion (when s t i l l hot) w i l l be t ransferred 
to cu l tu re tubes which w i l l be plugged with cotton p lugs . 
These tubes w i l l then be autoclaved. After cooling of P.D.A. 
t e s t fungus w i l l be t rans fe r red to these cu l tu re tubes in an 
asep t i c chamber by using a l l the precautions prescribed to 
such an opera t ion . 
The inoculum of the flingus, paecilomyces l i l a c inus w i l l 
be ra ised on Richards l iqu id medium (Riker & Riker, 1936) 
having the following composition: 
Potassium n i t r a t e 10.00 g 
Potassium dehydrogen phosphate 5.00 g 
Magnesium sulphate 2.50 g 
Ferr ic chlor ide 0.02 g 
Sucrose 50.00 g 
D i s t i l l e d water 1000.00 ml 
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one hundred ml of the above medium w i l l be t ransfer red 
to 250 ml Erlenmyer f lasks which w i l l be plugged with cotton 
plugs covered with b u t t e r paper . Then these f lasks w i l l be 
autoclaved. Small b i t s of the t e s t fiangus w i l l be t ransfer red 
to these conica l f lasks in an asep t ic chamber taking a l l ihe 
precautions prescribed for such an opera t ion . The Aingus w i l l 
be inoculated for 15 days in an incubator running a t 2B+2^C 
temperature. 
After the incubation period the mycelial mats w i l l be 
removed, washed in d i s t i l l e d water to remove the t races of the 
medium and then i t w i l l be gently pressed between s t e r i l e 
b lo t t ing papers to remove the excess amount of water. Inoculum 
wi l l be prepared by mixing 10 g flingal mycelium in 100 ml of 
s t e r i l i z e d d i s t i l l e d water and blending i t for 30 seconds in 
a waring blender (Stemeiriing, 1964). In th i s way each 10 ml 
of t h i s homogenate w i l l contain 1 g of the fungus, 
4.4 Maintainence of t e s t p lan t s j 
Sandy loam s o i l , which i s commonly found in Aligarh, w i l l 
be co l lec ted from a fallow f ie ld and w i l l be passed through a 
coarse se ive (1 mm pore s ize) to remove stone p a r t i c l e s and 
debr i s , e t c . Compost manure a t the r a t e of 1 g N/kg s o i l wi l l 
be added and thoroughly mixed with the s o i l . Fifteen cm clay 
pots w i l l be f i l l e d with 1 kg of such soil-compost mixture and 
then these pots wi l l be autoclaved and w i l l be used for a l l 
the s t u d i e s . 
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Pour to five surface s t e r i l i z e d seeds of known v a r i e t i e s 
of okra, Abelmoschus esculentus and chickpea, Cicer arietinum 
w i l l be sown in these p o t s . Surface s t e r i l i z a t i o n of seeds 
w i l l be done by t rea t ing them in 0.196 solut ion of mercuric 
chloride for 2 minutes. Ihen these seeds w i l l be washed with 
s t e r i l i z e d d i s t i l l e d water to remove any t races of mercuric 
ch lo r ide . After emergence, the seedlings wi l l be thinned and 
only one seedling w i l l be allowed to grow in one po t . Vlhen 
three week old, these p l an t s w i l l be inoculated with the 
nonatode and/or the fUngus, as per schedule of the experiment. 
In the case of root nodule bac t e r i a , tiie seeds of chickpea w i l l 
be bacter ized before sowing with the rhizobium c u l t u r e . Sucrose 
solut ion {5%) w i l l be used as s t i c k e r and i t w i l l be mixed 
with the rhizobium c u l t u r e . Seeds wi l l be mixed with th i s 
mixture in such a manner t h a t a uniform coating be formed on 
t h e i r surface. These bacter ized seeds w i l l be dried a t room 
temperature and then sown. The pots w i l l be placed on a green 
house bench in a randomised manner. Necessary weeding and 
watering w i l l be done as and when recjuired, 
A.5 Recording of the data ; 
For determining the p l a n t growth, p l an t s wi l l be uprooted 
a f t e r 60 days of inoculat ion and the i*oots w i l l be thoroughly 
and gently washed. The length ( in cm) and fresh/dry weights 
( in g) of shoot and roo t w i l l be taken sepa ra t e ly . Before 
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taking ttie fresh weight, excess amount of water wi l l be removed 
by pu t t ing roo t and shoot between b lo t t ing sheets , while for 
determining the dry weight, shoot and roo t wi l l be dr ied in an 
oven a t 60°C and then separate ly weighed. 
The degree of roo t infec t ion caused by the root-knot 
nematode was assessed according to the ra t ing scale of Taylor & 
Sasser (1978) for the presence of root g a l l s and eggmasses on 
roots as under : 
Gall index (GI) Number of g a l l s 
o r or 
Eggmass index (SX) Eggmasses 
0 0 
1 1 - 2 
2 3 - 1 0 
3 1 1 - 3 0 
A 3 1 - 1 0 0 
5 100 
On the bas i s of the above GI/SI values the degree 
of r e s i s t a n c e (DR) of d i f f e r en t v a r i e t i e s wi l l be assessed 
according to Hadisoeganda & Sasser (1982) as follows: 
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Degree of r e s i s t ance GI/EI values 
(PR) 
HR (highly r e s i s t a n t ) 0.0-1.0 
VR (very r e s i s t a n t ) 1.1-3»0 
MR (moderately r e s i s t a n t ) 3.1-3.5 
SR ( s l i g h t l y r e s i s t a n t ) 3.6-4.0 
S ( suscept ib le ) 4.1-5.0 
on the bas is of v i s u a l observation, the root^nodule 
index (RNI) w i l l be ra ted on the following scale : 
0 = no nodulation 
1 = l i g h t nodulation 
2 = moderate nodulation 
3 = heavy nodulation 
4 = very heavy nodulation 
In the case of the reniform nematode the s o i l from each 
treatment w i l l be processed a f t e r the termination of the 
experiment according to Cobb' s seiving and decanting method 
followed by the modified Baermann fUnnel technique (Soutfaey, 
1986). The populat ion of the nematodes, i so la ted from the s o i l , 
w i l l be determined as p e r procedure described in 4 .2 . The 
number of female, male and immature specimens of the reniform 
nematode w i l l be counted separately to determine the s e x - r a t i o . 
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Reproduction fac tor (R) of the nematode w i l l be ca lcula ted by 
the formula of Oostenbrink (1966) as follows; 
R » Pf /Pi 
(vtaere, Pf represents the f i n a l population and Pi represents 
the i n i t i a l population of the nematode). 
The population of the nematode in the roots w i l l be 
determined by macerating the root pieces in waring blender for 
few seconds and then counting t h e i r numbers. 
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